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(54) Radiography apparatus including 
a photographic film memory 



(57) For recording images, a 
radiography apparatus 2, 10 includes a 
camera 24 for a small format film, for 
example, 35 mm film. In a film 
development device 26 and a film 
scanning device 28 with an 
analog-to-digitai converter, the images 
selected from the film images thus 
recorded can be converted into digital 
images and stored 42. These images 
can be used to form hard-copy images 
44 or television monitor images 59, they 
can also be used as identified digital 
images in, for example, an optical 
digital videodisc 50. 
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SPECIFICATION 

Radiography apparatus including a photographic 
film memory 

5 

The invention relates to a radiography apparatus, 
comprising a radiographic-image-forming device 
and an image recording device including a radiation 
detecting device, and will be referred to herein as 

10 radiographyc apparatus of the kind referred to. 
An apparatus of this kind in the fomi of an X-ray 
diagnostic apparatus Is known from US 4,220,890. In 
an apparatus described therein images can be 
formed of an object which are recorded on a photo- 

1 5 graphic film. These radiographs need to be of a large 
format because the images must be recorded with 
high contrast for later diagnosis. Large form^Uadio- 
graphs require-a^Sfferamountof filnvrrfaterial and 
thafiling of the large format has some important 

20" cTrawbacks. For example, the selective retrieval for 
later evaluation is difficult and filing requires large 
amounts of storage space. US 3,700,329 describes a 
method which allows a reduced format to be used, 
notably for filing, as a result of the use of film mater- 

25 iai with two different contrast gradients. However, it 
is a drawback thereof that in order to satisfy the 
requirements imposed, the film in comparatively 
expensive. 
The invention has for an object to provide 

30 improved radiography apparatus of the kind referred 
to in which the said drawbacks are reduced. Accord- 
ing to the invention there is provided a radiography 
apparatus, comprising a radiographic-image- 
forming device and an image recording device 

35 including a radiation detector, characterized in that 
the image recording device includes a photographic 
film camera for recording images using a compara- 
th/ely small film format, as herein defined, a film 
development device, a film scanning device for 

40 scanning the images thus recorded to provide cor- 
responding electrical output signals, an analog-to- 
digital converter, and a recording device for record- 
ing digital signals generated by the analog-to-digital 
converter from the electrical output signals from the 

45 film scanning device. 

In an apparatus in accordance with the invention, 
the two functions of the radiograph, that is to say the 
recording of an image for possible later image pro- 
cessing (buffer recording) and the reproduction of 

50 diagnostic information are separated. When the 
radiographs are used only as a buffer recording, they 
need not have the high image quality, such as a high 
gamma value, required for direct diagnosis. In 
known devices the functions of recording and image 
55 reproduction are always combined, so that it is often 
necessary to use a large film format and film mater- 
ial having a high gamma value. 

In an apparatus in accordance with the invention, 
these functions are separated so that for the buffer 
60 recording function use can be made of a small for- 
mat customary film material having a comparatively 
low sensitivity. For recording diagnostic images, for 
example, for direct diagnosis or for filing, the buffer 
recording is scanned after development, for example 
65 optically, and is displayed for example on a monitor, 



after digitizing, or is applied to a digital image 
recording device which is capable of reproducing the 
image, for example by means of a hard-copy device. 
Advantages of the use of a reduced film format for 

70 the buffer recording over, for example, electronic 
buffer memories are: low cost, large dynamic rarige, 
high resolution and hence high information density, 
fast recording, simple processing and excellent 
long-term storage properties. 

75 A preferred embodiment in accordance with the 
invention comprises an X-ray image intensifier tube 
to which a 35 mm photographic film photographic 
film camera is optically connected. If desired, a tele- 
vision camera forming part of video recording 

80 apparatus, may additionally be connected thereto. 
Afurther preferred embodiment includes a device 
for combining digitized images so that image sum- 
ming and image subtraction can be performed by 
making only a small addition to the equipment 

85 which is already provided for processing digitized 
Images. 

Afurther preferred embodiment includes a detec- 
tor device with an array of detectors which can be 
individually read. This device may comprise an X-ray 

90 source with a collimator for forming a narrow, fan- 
shaped beam, the detector device forming a linear 
array of detector cells. This apparatus may further be 
constructed as, for example, an X-ray, emission or 
accoustic scanner or scanography apparatus or an 

95 apparatus in accordance with US 4,179,100. The lat- 
ter preferably includes an X-ray image intensifier 
tube as the detector device. 

A hard-copy device for the selective production of 
hard copy images to be filed or evaluated, can be 
100 connected to apparatus in accordance with the 
invention. 

Some preferred embodiments in accordance with 
the invention will now be described by way of 
example, with reference to the accompanying draw- 
105 ings, of which: 

Figure 1 diagrammatically shows radiography 
apparatus including an X-ray image intensifier/tele- 
vision chain, in accordance with the invention, and 
Figure 2 diagrammatically shows an X-ray radiog- 
110 raphy apparatus in accordance with the invention 
which utilizes a fan-shaped beam. 

The radiography apparatus shown in Figure 1 is an 
embodiment of the invention and comprises an 
X-ray tube 2 for fomning an X-ray beam 4 whereby 
115 an objecte can be irradiated. An image information 
carrying part 8 of the X-ray beam is detected in 
known manner by an X-ray image intensifier tube 10. 
The tube 1 0 is provided with an entrance screen 1 2 
comprising a supported layer of a fluorescent mater- 
120 iaI, for example, as described in US 3,825,763, on 
which there is provided a photocathode. 

Using a surface area reduction of approximately 
10 times, an electron image of the photocathode is 
formed on an exit screen 14 which comprises a layer 
125 of a fluorescent material. In this layerthe electron 
image is converted into a light optical output image 
which can be read from the exit end 16 of the tube. 

Using an optical system of which only a semi- 
transparent mirror 18 is shown, the output image 
130 can be projectedonto an entrance window 20 of a 
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television camera tubs 22 and onto a small format 
photographic film camera 24. The film camera 24 is, 
for example, a 35 mm camera. The apparatus furth- 
ermore comprises a film development device 26 and 

5 a film scanning device 28 which are interconnected 
via a film transporter 30. The film scanning device 
comprises a light source 32, a selectable masking 
mechanism 34 for adjustment to different film for- 
mats, for example, between 35 and 105 mm, a lens 

1 0 system 36 for pixel-wise projection onto a detector 
38 forfiTrther pixel-wise processing in a computer 
40, A magnetic storage device 42 and a device 44 for 
the optical recording of digital signals may be con- 
nected to the computer 40. 

15 35 mm film images of the object 4 are recorded 
developed and scanned in the film scanner 28, fol- 
lowed by a conversion Into digital image informa- 
tion. The image information can be stored, via the 
computer 40, in the magnetic memory 42 or in the 

20 optical/digital memory 44. Using a hard-copy device 
46, an image of the image information can be pro- 
vided at will In a suitable image format for examina- 
tion. The apparatus may also include a television 
monitor 48 forthe display of images directly from 

25 thetelevisiontube22,orv/a amulti-trackvtdeodisc 
memory 50, or from one of the digital memories, in 
this case via a digital-to-analog converter 52. The 
video disc memory 50 can also be used to test, 
Immedlatley after recording an image whether the 

30 image Is error-free and whether the quality of the 
image with respect to exposure etc. is acceptable. 
These Images per se need not have a quality suffi- 
cient for diagnosis, but can provide enough informa- 
tion for a decision to be made as to whether further 

35 recordings are necessary or whether the patient may 
leave the apparatus. It Is to be noted that such a 
check would only relate to images obtained directly 
via the television apparatus. fMo information can be 
derived therefrom relating to the operation of the 

40 35-mm camera. Therefore, it may be advantageous 
to use a reference standard, for example in the form 
of a sensitometric wedge In an appropriate manner 
for automatic process control in the film develop* 
ment device. However, the density is less critical for 

45 these images, fc}ecause they only serve as buffer 
recordings and can to a certain extent be optimized 
in this respect after digitizing. 

A hard-copy image can thus be made of a limited 
number of images selected from a long series of 

50 35-mm film images, possibly a cine film. This can 
offer a substantial saving in respect of film material, 
even when the few hard-copy images are made in 
the large format on normal radiographs. Forthe 
indentiflcatton of radiographs, the image recording 

55 device may be provided with an information display 
device 54 which can be controlled by a control unit 
56, the latter using, for example, a magnetic card on 
which patient data, image numbers, and even 
Instructions and data relating to the camera and the 

60 film developercan be provided. 

This information can be provided on the film, for 
example, in a space between two images or at the 
side of the respective images. In an apparatus of the 
described kind only a small technical extension is 

65 necessary for combining digital images, because 



digitized images are already present. To achieve this, 
the apparatus may be augmented by an image com- 
bining device 58. An image combining device of this 
kind is known from US 4,204,225 in which It is em p- 
70 loyed notably, for image summation and image sub- 
traction. Each image stored in the memory of the 
computer can them be combined with any other 
image. Alternatively, a series of images can be 
summed and combined with other images. A second 
75 television monitor 59 may be Included for the dis- 
play of images thus formed. 

For example, for effecting subtraction between a 
current Image and a previously formed image, the 
current image may be supplied to the device 58 
80 directly from the analog-to-digital converter. Com- 
bined images, such as subtraction images, can also 
be pHnted^hard-copy images. 

The further ierRBotiTrnenf slTtiwr>=in-E^ 2 com- 
prises an X-ray source 60'with a slit-shapedxiiap^ 
85 hragm 62 for forming a fan-shaped X-ray beam 64By~ 
means of which a patient 68 arranged on a table 66 
can be irradiated. Beneath the table there is arranged 
an X-ray image intensifiertube 70 having an entr- 
ance screen 72 which intercepts the X-ray beam 64 
go after having passed through the patient to form a 
strip Image 74. The X-ray image intensifiertube is 
preferably a 14 inch tube as described in US 
4,213,055. The X-ray beam can be moved in a direc- 
tion transversely with respect to the plane of the fan 
95 by a translation or by a rotation, for example, by a 
pivoting movement of the X-ray source together 
with the diaphragm about the focal spot of the X-ray 
tube 76. In this way a part of the patient which cor- 
respods to a field 78 can be scanned in a line by line 

100 manner. 

The dimension of the region to be examined dur- 
ing each scanning motion is thus determined by the 
size of the entrance window of the X-ray intenslfier 
tube and by the position of the tube with respect to 

105 the source and the patient; inter aiia in view of this 
aspect, the intensifiertube should be mounted as 
close to the table as possible. For an account of vari- 
ous scanning methods and further signal processing 
operations by means of such an apparatus, refer- 

1 10 ence is made to US 4,179,100 and PHN 9820. A 
35-mm film earners 84 Is optically connected to the 
output end 80 of the tube 70 via an optical distribu- 
tion system 82 for recording each of the slit images. 
When the film transport speed is adapted to the 

1 1 5 speed of motion of the slit 74 across the entrance 
screen, the slits can be adjacently photographed on 
the film, even wSien the X-ray image intensifiertube 
or the line detector also moves. An Image of the total 
field can also be recorded in one sweep in the case of 

120 synchronized film and sweep movement After 
development, scanning etc., hard copies can again 
be made thereof v/a the computer. 

The camera 84 is connected, if desired, via inter- 
mediate film storage, to a film developer device with 

125 a film scanner, an analog-to-dig ital converter, etc., in 
a manner similar to the embodiment described with 
reference to Rgure 1 ; In this case these devices are 
shown as a single film processing unit 86 to which a 
recording device 88 for digital signals and a hard- 

130 copy unit 89 can be electrically connected as before. 
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The X-ray image intensifiertube is also optically 
connected to a television cannera tube 90 which 
forms part of an X-ray image intensifier/television 
chain 92, for example, as described in GB Patent 

5 Specification No. 1 ,278,944. Using a signal proces- 
sing device 94, on-line signal processing can be per- 
formed and images exhibiting only small differences 
in contrast can be formed by means of the computer 
using known window techniques, for display on a 

10 monitor 96. 

Further applications can be found, for example, in 
video fluorography utilizing a 35-mm camera for the 
formation of small images, a film processor, a film 
scanner, an analog-to-digital memory and a hard- 

1 5 copy device. A substantial saving of film can again 
be achieved by selecting the images to be used for 
further evaluation or storage on the basis of the 
35-mm images. 
A system in accordance with the invention can 

20 comprise an analog-to-digital converter and a com- 
puter, which in practice can be fomied by a microp- 
rocessor unit to which a recording forthe recording 
of digital signals is connected. 
A device in accordance with the invention can be 

25 simply connected to a filing system which com- 
prises, for example, an apparatus forthe optica! 
recording of digital signals. This is because the 
radiographs selected for filing can be recorded on- 
line on an optical disc and cqn be provided with 

30 patient indentification and information for retrieval 
at a later stage. 

The connection between an X-ray apparatus and 
the filing system is also Is provided by the use of 
35-mm film as the buffer memory. A greater free- 

35 dom is thus also provided for coupling given X-ray 
equipment to a filing system. In a manner similar to 
the conversion of images formed by the present 
X-ray apparatus into optically recorded digital image 
information, existing large format film images, for 

40 example, in an already existing file, can be converted 
into optically recorded digital image information. It 
will be apparent that this is also applicable to images 
produced by means of other radiation equipment 
for example equipment used for nuclear medical 

45 examinations. 

The 35-mm photographic film camera can also be 
used in cine film sequence. The cin6 images are 
recorded by means of a television camera on, for 
example, a 500-track video disc. After a recording 

50 cycle, the images are displayed and the physician 
can specify and mark each image of which he 
requires a hard-copy or which he wishes to file. This 
information is applied to the computer. The cin§ film 
can also be developed, after which the film scanner 

55 orthe analog-to-digital converter is arranged to pro- 
cess only the identified images. 

Where the described embodiments utilize a 
55-mm camera, use can alternatively be made of 
other camera formats, such as a 70-105 mm camera. 

60 The resultant images will be approved as the film 
format is made larger, but the saving will then be 
less. An optimum choice can be made for each 
application. 
CLAIMS 

65 1. A radiography apparatus, comprising a 



radiographic image-forming device and an image 
recording device including a radiation detector, 
characterized in that the image recording device 
includes a photographic film camera for recording 

70 images using a comparatively small film format as 
herein defined, a film development device, a film 
scanning device for scanning the images thus 
recorded to provide corresponding electrical output 
signals, an analog-to-digital converter, and a record- 

75 ing device for recording digital signals generated by 
the analog-to-digrtal converter from the electrical 
output signals from the film scanning device. 

2. A radiography apparatus as claimed in Claim 
1, characterized in that the image recording device 

80 comprises an X-ray image intensifiertube and a 
small format pnotographicfiim camera as herein 
defined, which is connected optically to an exit win- 
dow thereof. 

3. A radiography apparatus as claimed in Claim 
85 2, characterized in that in addition to the small for- 
mat film camera, a television camera with a video 
recording device is optically connected to the exit 
window of theX-ray intensifiertube. 

4. A radiography apparatus as claimed in any 
90 one of the preceding Claims, characterized in that 

the apparatus further includes a digital image pro- 
cessing device. 

5. A radiography apparatus as claimed in Claim 
4, characterized in that the radiographic-image- 

95 forming device is a multi source encoding tomogra- 
phy system, the image processing device being 
adapted for exact decoding superposition of images 
to be used for making combined images. 

6. A radiography apparatus as claimed in any of 
100 the preceding Claims, characterized in that it com- 
prises an image selection device and a hard-copy 
device for selective production of hard copies. 

7. A radiography apparatus as claimed m Claim 
1, characterized in that the image recording device 

105 further includes a set of X-ray detectors which can be 
separately read. 

8. A radiography apparatus as claimed in Claim 

7, characterized in that the radiographic-image- 
forming device comprises a computerized X-ray 

110 tomography apparatus in which an X-ray source is 
provided with a collimator for forming a fan-shaped 
X-ray beam. 

9. A radiography apparatus as claimed Claim 7 or 

8, characterized in that the image recording device 
115 includes a television camera tube which is arranged 

to provide high resolution video signals of improved 
dynamic range. 

10. A radiography apparatus as claimed in Claim 
1, characterized in that the film scanning device 

120 comprises a basic scanning device and an optical 
system which can be adjusted to accommodate dif- 
ferent film formats. 

11. A radiography apparatus of the kind referred 
to, substantially as herein described with reference 

125 to the accompanying drawings. 
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